Information on time spent in microenvironments has a critical role for personal exposure to environmental pollutants. Unlike several large-scale studies in Western countries, no comprehensive research on time-activity patterns for exposure assessment has been conducted in Korea. We investigated determinants of residential indoor and transportation times of individuals over 10-years old in the Korean population. The population-based study collected time-activity patterns of 31,634 Koreans for two consecutive days. The residential indoor and transportation times were collected for a weekday and a weekend day. The impact of sociodemographic factors on time-activity was assessed using multiple linear regression models. The residential indoor times were 14.23 h for the weekday and 16.13 h for the weekend and shorter than those in Western countries. The transportation times were 1.75 h for the weekday and 1.68 h for the weekend day. The most significant factors in residential indoor time were employment status, age, monthly income, and gender for the weekday and employment status and gender for the weekend day. The factors in transportation were gender, employment status, and monthly income for the weekday and gender, employment status, age, and marriage status for the weekend day. Determinants of the time-activity pattern need to be taken into account in exposure assessment, epidemiological analyses, and exposure simulations, as well as in the development of preventive strategies. As Korean population activity patterns are substantially different from those in Western countries such as USA, Germany, and UK, this information could be critical for exposure assessment in Korea and other Asian countries.
Introduction
Information on time spent in microenvironments has a critical role in individuals' exposure assessment (Wang et al., 2009) . The World Health Organization indicates modeling as one of the major methodologies for assessing exposure. Time-activity studies have become an integral part of comprehensive exposure assessment and exposure modeling (Schwab et al., 1990; Jenkins et al., 1992; Dorre, 1997; Echols et al., 1999; Klepeis, 1999; Rotko et al., 2000; WHO, 2000; McCurdy and Graham, 2003) . Human activity patterns of timing and location, along with the level of pollutant in microenvironments, have key roles in explaining exposure variation (Sexton et al., 2007) .
There are several extensive time-activity studies linking data to personal exposure in the United States, such as Total Exposure Assessment Methodology (Wallace et al., 1989) , Total Human Environmental Exposure Study (Freeman et al., 1991) , National Human Exposure Assessment Survey (Freeman et al., 1999) , in Canada (Leech et al., 2002) , and in Europe (Brasche and Bischof, 2005; Schweizer et al., 2007) . Moreover, several studies have identified time spent indoors as a major contributor to personal exposure (Jenkins et al., 1992; Leech et al., 2002) .
However, time-activity patterns in Korea have not been well studied. In one study, the time-activity data of 1980 participants showed 21.4 h (88.9%) indoors, 1.3 h (5.3%) outdoors, and 1.4 h (5.8%) in transportation (MEK, 2007) . In another study, a total of 122 civil servants in Seoul, Korea spent their time indoors at home (53.2%), indoors at the workplace (27.3%), indoors at other locations (3.2%), outdoors (9.8%), and in transportation (6.1%) (Yang et al., 2001) .
A time-activity pattern may be influenced by many demographic and lifestyle factors. Using the time-activity data from the Consolidated Human Activity Database (CHAD), two studies concluded that age, gender, different weather variables, and day type (weekend, weekday, vacation, etc.) have the most influence on the way people spend their time (McCurdy and Graham, 2003) . The EXPOLIS study from seven cities in Europe found that indoor time-activity patterns were affected by specific work status, employment status, whether the participants were living alone, and whether the participants had children at home (Schweizer et al., 2007) . Gender and season were associated with indoor times, but the effects were rather heterogeneous across different cities.
Time-activity pattern is important for exposure assessment and risk management not only in Korea but also in other Asian countries. Comprehensive time-activity research as a basis for estimates of personal exposure has not been conducted in Korea. However, such a study could provide data for comparison of activity patterns, which could highlight cultural differences among countries. The purposes of this paper, therefore, were to present the data from our population-based study on the indoor time-activity patterns of Koreans and to determine the individual factors that influence residential indoor and transportation times. The population-based study collected data on the time-activity patterns of 31,634 Koreans for two consecutive days.
Methods
The time-activity pattern data for the 31,634 subjects were provided by Time Use Survey of the Korea National Statistical Office (KNSA). The data were initially collected for social and economical purposes in 2004. Details on the method of selecting the study population were presented on the KNSA website (http://www.survey.go.kr/lifestyle). Briefly, the study population was selected from 850 areas of Korea, which were divided by standardized classification. Fifteen households were selected from each area. From the possible 12,750 households, 12,651 households agreed to participate in the survey. In each household, all residents 10 years or older were identified. From the identified population of 32,191, a total of 31,634 subjects agreed to record their activities in a diary. Each subject completed the diary for two consecutive days, either on weekdays or weekend days. The two-day weekday and weekend activities were recorded by 19,025 subjects and 12, 609 subjects, respectively. A total of 63,268 person-days diaries were collected between September 2 and 13, 2004.
The diary used a modular tool, which combined standardized questions and a time-activity diary. The questions included demographic, socioeconomic, and family information. The time-activity diary was recorded by the subjects. Activity information was collected in 10 min intervals. The activities were organized according to the following classifications: main activity, additional activity, transportation, indoors, and outdoors. Transportation included walking as well as riding in a vehicle in this study such as commuting and moving other places. Activities were later coded by a technician according to 9 major classifications, 50 intermediate classifications, and 137 detailed classifications. The diary classifications included residential indoor environment and transportation; the locations of other indoor environments such as workplace and school classroom were not included. Therefore, we analyzed residential indoor and transportation times.
To assess the impact of selected sociodemographic and environmental factors on time spent in residential indoor environment and transportation, we constructed multiple linear regression models. The average daily times spent in the two microenvironments, residential indoor and transportation, were used as dependent variables, and the covariates were gender, age, monthly income, educational level, employment status, household size, and having children at home as independent variables. All covariates were dichotomized, except age and monthly income, which consisted of continuous variables. Multivariate linear regression was conducted to determine factors for the times spent at home and in transportation in weekday and weekend. All statistical calculations were performed with the Statistical Package for Social Sciences (SPSS version 17.0) for Windows, using two-tailed tests and a 5% level of significance.
Results
The study population was selected from 850 areas of Korea, which were divided by standardized classification. Among the 31,634 participants, about 53% were female; in the general Korean population, about 50% are female. As the age and gender distributions of the study population were similar to the general Korean population, as shown in Table 1 , the composition of the study population could be representative of the Korean population.
The residential indoor time in weekend was greater than that in weekday, whereas transportation time in weekend was less than that in weekday. The mean times for staying at home for the weekday and weekend day were 14.23 and 16.13 h, respectively, as shown in Table 2 . Residential indoor times were significantly longer for the weekend day than for the weekday (Po0.001). Frequency distributions of the time spent in residence and transportation for the weekday and weekend day are shown in Figure 1 . The distribution of indoor residential time for the weekday was skewed to the right, whereas that of the weekend was flat to the right. The mean times spent for transportation were 1.75 h for the weekday and 1.68 h for the weekend day. Transportation time was significantly longer for the weekday than for the weekend day (Po0.001). However, the transportation distributions of the weekday and weekend day were similar, as shown in Figure 1 .
It is useful to determine the precise times of day that the subjects are in certain locations or engaging in specific activities because exposure to certain air pollutants can depend on temporal stay and activity. The proportions of persons staying at home and in transportation by time of day are shown in Figure 2 . Over 90% of the study participants stayed at home from 11 PM to 5 AM on the weekday. The proportion of people staying at home gradually decreased until noon. The proportion of people staying at home at lunchtime (about 12:00-14:00) was slightly higher than the 1B3 h before and after the lunchtime. About 63% of the participants stayed away from home at 6 PM on the weekday. On the weekend, about 51% of participants were away from home at 6 PM. The transportation profile on the weekday showed morning commuting (about 07:00-09:00) and afternoon commuting (about 17:00-19:00), and other peaks such as lunchtime. About 21% and 18% of the participants were in transportation at 8 AM and 6 PM on the weekday, respectively. On the other hand, there was no specific commuting pattern on the weekend day. Table 3 presents the effects of the factors in the multiple linear regression models on total time spent indoors at home and transportation on the weekday and weekend day. For the weekday, the most significant factors were employment status, age, monthly income, and gender, with a coefficient of determination (R 2 ) of 0.397 (Po0.001). That is to say, employed or self-employed, higher age, higher income, and male participants spent significantly less time at home on the weekday. Employment status and gender were significant factors for the weekend day, with R 2 of 0.132 (Po0.001).
Similarly, the most significant factors for total transportation time were gender, employment status, and monthly income for the weekday, with R 2 ¼ 0.112 (Po0.001), and gender, employment status, age, and marriage status for the weekend day with R 2 ¼ 0.075 (Po0.001), as shown in Table 3 . Time-activity differed by gender. The mean times of staying at home on the weekday were 15.55 h for females and 12.74 h for males, as shown in Table 4 . The residential indoor time of males was significantly greater than that of females (Po0.001). For the weekend day, the differences in residential indoor time by gender were decreased. The mean times of staying at home on the weekday were 16.95 h for females and 15.21 h for males, and they were significantly different (Po0.001). The mean transportation times for the weekday were 1.41 h for females and 2.13 h for males. The mean transportation times for the weekend day were 1.41 h for females and 1.97 h for males. The transportation times by gender were significantly different both for the weekday and the weekend day (Po0.001).
Discussion
The timing, location, and degree of personal exposure to environmental pollutants are all impacted by human activities, and thus dependent on the characteristics of the time-activity patterns of the population of concern. Studies on this relation between exposure and time-activity patterns are rare for Korean and other Asian populations. The average time spent per day in residential indoors in this study (14.23 h, 59.27%) was lower than previous studies in Western countries. In Minneapolis, MN, study participants spent more than 89% of their times indoors and 71% at home (Sexton et al., 2007) . Similarly, times spent in residence indoors in USA, Canada, England, and Germany were higher than the results of this study (Echols et al., 1999; Klepeis, 1999; Leech et al., 2002; Briggs et al., 2003; Lai et al., 2004; Brasche and Bischof, 2005) . However, residential indoor time (58%) in Hong Kong was similar to this study (Chau et al., 2002) . The findings suggested that Asian cultural habits or societal norms, such as business entertaining, school hours, and pastime choices, might have different time-activity patterns from Western countries. The mean time spent for transportation on the weekday (1.75 h, 7.28%) was slightly greater than that of Western countries in previous studies, which noted 1.32 h (USA), 1.68 h (USA), 1.28 h (Canada), 1.34 h (Germany), 1.3 h (UK), 1.61 h (UK), and 1.68 h (Hong Kong) (Jenkins et al., 1992; Dorre, 1997; Klepeis, 1999; Chau et al., 2002; Leech et b, regression coefficient; NS, not significant; SE, standard error.
Determinants of residential indoor and transportation activity times in Korea Yang et al. Bischof, 2005; Sexton et al., 2007) . This difference could be explained by the fact that transportation included walking as well as riding in a vehicle in this study, whereas in previous studies transportation mostly consisted of riding in a vehicle or other type of enclosed transit.
The Korean population in this study spent less time at home after working hours. The residential indoor time at 6 PM and 10 PM during weekdays were about 37% and 75%, respectively. These residential indoor times were different from the results of Klepeis' study (1999) , about 67% (6 PM) and 90% (10 PM), respectively. The difference may not be due to transportation, as the transportation times between 6 PM and 10 PM were similar, which suggests that Koreans may stay at other indoor locations after 6 PM. Such indoor environments may include workplaces, school classrooms, restaurants, and bars. Procuring more information about these other indoor microenvironments is important for exposure and risk assessment in Korea.
Socioeconomic and demographic factors have been found to have a significant effect on time-activity patterns in population cohorts (Wang et al., 2009 ). Previous studies have reported age and gender as primary attributes that influence time-activity patterns in the general population. Graham and McCurdy (2004) , using CHAD, identified age and gender as first-order attributes in defining statistically significant differences in time-activity patterns. These were followed by physical activity level, weather parameters, and weekend/ weekday classification. In this study, weather and climate conditions were not available.
In this study, the most significant factors for the time spent indoors at home were employment status, age, monthly income, and gender. Employed, older aged, higher income, and male subjects spent less time at home indoors. These results are similar to those of previous studies (Echols et al., 1999; McCurdy and Graham, 2003; Schweizer et al., 2007) . In addition, marriage, children at home, agricultural proximity, education, private car ownership, house type, and education level were also significant factors. Raising children led to more time being spent at home because housewives adapt to their children's schedules by spending more time at home. Having a private car is generally a characteristic of workers, and living in an apartment results in spending less time at home indoors, which is likely because apartments are generally located in cities and metropolitan areas in Korea. The married people tend to spend more time at home indoors. Individuals living in agricultural districts may be primarily considered farmers, who generally represent an older demographic in Korea. Though the effect of education level was not significant in residential indoor time according to Schweizer et al. (2007) , participants with high education levels spent less time indoors in their residence than those with low education in this study. This may suggest that subjects with a higher education may be apt to work more hours for greater income.
The results of this study using time-activity pattern data in 2004 may not reflect the current trends of the general populace because activity patterns tend to change over time. The principal limitation of this study is that the analysis is based on two microenvironments, indoor residence and transportation, compared with five or seven microenvironments in other studies (Schwab et al., 1990; Echols et al., 1999; Leech et al., 2002; Bruin et al., 2004) . Nevertheless, the residential indoor and transportation time data are sufficient for providing preliminary information on time-activity patterns in Korea. 
